Positron ACAR measurements occupy a position between angle resolved photo emission measurements and de Haas van Alphen measurements.
The first, PE, can supply the energy spectrum for some selected momentum in the Brillouin zone and follow the dispersion of resolved bands up to the Fermi energy in a series of spectra.
Momentum selection is achieved by limiting the angular acceptance in the electron detector.
In order to map the entire electron momentum distribution and see the full shape of the Fermi " surface, the measurement must be performed for each momentum bin. This is rarely done.
Best photo emission angular acceptances are of the order of 2 degrees and the full momentum of the Brillouin zone depends on photon energy but is typically 18 degrees[1,2].
This results in a momentum resolution of about ii % of the reciprocal lattice vector and is the limit on which the momentum position of bands crossing the Fermi surface can be determined in photo emission.
Photo emission must be performed on cleaved crystals at low temperatures and thus has some difficulty in determining normal state properties and is vulnerable to effects of surface contamination.
De Haas van Alphen measurements
on the other hand measure the area enclosed by the Fermi surface in a plane defined by an external magnetic field• These are low temperature measurements of bulk magnetic properties in the normal state due to the high magnetic fields.
However at present only orientated polycrystalline samples have been measured by this technique [3 ] .
Positron
ACAR measurements determine only the pair momentum of the electron and positron in each annihilation event.
Since the momentum of the positron is low, the pair momentum distribution is dominated by the electron momentum. The distribution is determined by measuring the angular shift of the annihilation ga=ma-rays from collinearlty using high resolution, position sensitive gamma-ray detectors.
Therefore, data taken in an ACAR spectrometer does not distinguish between electrons in bound and unbound states at the same momentum.
Fortunately the Fermi surface is defined by the momentum limit set by the dispersion of the hands and can be easily seen as a sharp break or discontinuity in the measured distributions in the momentum of occupied states.
Typical ACAR spectrometer resolutions are .4 to .7 mrad or 6 to 11% of the Brillouin zone as compared to ii % for the best PE. More importantly the ACAR measurement maps out the entire momentum space in bins much smaller than the system resolution and the measured distribution covers the center zone and higher order zones in a single experiment.
Thus the continuous shape of a Fermi surface is determined in one measurement "
and broadening of the Fermi surface can be found in the sharpness of the discontinuity.
Such measurements have been very successful in studying Fermi surface driven order-dlsorder transitions in binary alloys where the shape and broadening of the Fermi surface are central issues in the physics of the transitions.
Since the positron is a bulk probe there is no vulnerability to surface effects.
Also the sample temperature of the positron measurement can be set at any temperature so that the measurements can clearly be those of the normal state or superconducting state.
Predictions of the existence of a continuously connected Fermi surface are not specific to all proposed theories for describing superconducting oxides.
Consequently the analysis of the positron data for the existence of a Fermi surface must first be done independently of the predictions of any particular theory. This restriction presents a special challenge to the posi=ron technique and requires levels of precision in the measurement beyond those of any previous experiments on elemental metals or alloys.
Demands for statistical precision are reinforced by difficulties presented to the technique by the physics of the superconducting oxide materials.
Since the positrons can annihilate with all of the electrons, the small fraction of the electron population expected in unfilled bands leads to a proportionally small set of features associated with the Fermi surface. There are also spatial variations of the electronic charge density within a unit cell that distort the positron wave function and result in features with the symmetry of the crystal that must be separated from the Fermi surface contributions.
Lastly, defects in an imperfect sample can trap positrons, removing them from effective overlap with the conduction band electrons and farther reducing the size of interesting features in the data.
In spite of these difficulties attempts to demonstrate a Fermi surface using positrons were made as soon as single crystal samples of the materials became available.
Early data on YBCO and other superconducting oxides was complicated by low statistical precision resulting from the very small size of the available samples and concerns about sample durability in the measurement [A-6] .
Later data with higher statistical precision was obtained on larger samples of highly twinned crystals [7,8] .
Early claims of conduction band features were not reproduced in higher statistics measurements or from one group to another.
Features in these data sets that were statistically significant and reproduced by more than one group were in reasonable agreement with the effects of distortion of the positron and electron wave functions by the non-uniform charge densities in the oxide lattice[9 ].
We have now entered an era of relatively high quality samples and high statistics data. We can also expect to follow changes in the Fermi surface .
induced by changing composition or structure in the sample. Happily some of these studies can be done with significantly lower statistics now that a theory independent demonstration of the existence of a Fermi surface has been accomplished.
The positron ACAR technique has become a significant addition to the techniques available to study significant queutions of high Tc materials; the evolution of the metallic state from the Mott-Hubbard insulator and the nature of the electron coupling.
